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 a radius of 5256 pe have been derived. These prove to be very similar to those

ABSTRACT
/?é%

The Sa galaaq‘ NGC 681 has been found to have emitting gas throughout its

disk component 50 tha.t a rotation curve » mass distribution, and mass within

- found for 8c galax'ies', '.despite the Sa classification and the strﬁctura.l similarity -

lO

of this galaxy to the well-known NGC- 4594,  The mass of NGC 681 is 1.9 x 10 Mg»

the mean density 1.0 x 10 -23 gm/cm , and the ma.ss-to-light ratio 3.6.
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It is well known ﬁhat there is much less ionized gas present in elliptical,
SO and Sa gaia.xie_s than .in.S'b, 8¢, and irregular systems. In an attempt té
study the conditions of excitation in the interstellar gas through the whole
range of Hubﬁle types we have made observations of a considerable number of
spiral and irregular galaxies (Burbidge and Burbidge 1962). To extend this I

.

.study to other types we took spectra in the red wavelength region of a con- .
siderable number of elliptical, SO, and Sa galaxies listed by Huma.son, Mayall )
and Sa.ndage (1956) 1n which Humason had noted that the emission fea.ture
[0 IT] A3727 is present.' The results of this survey will be reported in
) ~another paper. Among the galaxies included in this study' was NGC 681 wl'lich
is classified Sa and which bears a striking msembiance to NGC 459k, 'the' famous
Sombrero Nebula.: . | | PR
A plate of NGC 681 taken at the prime focus of the McDonald 82-inch téle- .
scope is shown in Figure 1. It was found that, as well as showing emission
lines of Ho and [N II]} A6583 in the central bulge, the emitting gas‘ c!ould be
detected far out in the_ disk. ‘.'qhe Lick spectrogram described belov; _showed that
these two emission lines gre of approximately equal intensity in the center of
the galaxy, but have the usual ratio of Ho/[N II] = 3 in the disk, indicating
that they az‘e.éxcited by the usual radiative mechanism operating in spiral arms.
Thus it is clear thét the furthest out knots are in fact H II regions containing
highly luminous O and B stars. This situstion is ‘to be contrasted with that in
NGC 4594 where Munch (1962) has obfained spectra of apparently simiiar structures
in the arms, but has found no emission features. Thus he has concluded that
these cannot be H II regions but must be star clusters whlch do not supply

enough ultra-v:.olet ra.diat:.on to ionize the gas, or in which very little gas is

prese_nt .




The importance of our discovery of ‘ex‘bended emission features in NGC 681
is that we can obtain a rotation curve and hence a mass and mass distribution
for a galaxy of this type. The first spectrum was taken with the B‘ spectrograph
at the prime focus of the 8_2;inch telescope of the McDonald Observatory. This ’
-exposure was made vhen_ﬁhe mo_on>was more than half full and has “therefore a .
considerable‘background spectrum of scattered moonlight; consequently the plate
was not suitable for accurate measurement. It did clearly show, hoiféve'r, an
extended and inclined emission line that was presumably Hoa with a considerable
velocity gradient. |

‘On December 4, 1964, a sp‘:acfrmn ofi’+ hours' expsoure was taken with the
prime focus spectrograph of the Lick 120-inch telescope, with the slit set along
the major axis in poéition angle 64° , and with the grating and camera combination
giving a dispersion of 190 oA/mm at Ho. The velocities meésured from this spectro-
gram alone are plotted in Figure 2, and the rotation curve obtained by folding.
these measures about a centAra.l velocity of +1705 km/sec relative «tb the lo,;;al\w
Standard of rest .is shown in Figure 3. Two smooth cﬁrves have been fitted to
these points using the usual polynomial solution (cf. Burbidge, Burbidge, and
_Prenderga.st 1959), with f:mr and six parameters, respectively.

The recession velocity ‘of the center of mass of this galaxy corrected for
galactic rotation is +;727 km/sec. This valﬁe can be compared with the value of
+1768 ¥m/sec obtained by Humason (Humason et al. 1956). For this redshift, 'with>
& value of the Hubble constant of 75 km/sec per Mpc, the distance of NGC 681 is
then 23 Mpc and at this distance 1" = 111.7 pc. Since the observations éktend ‘
to a distance of 47" from the center, this corresponds in linear'dimensions to
a radius of 5250 pc; .It should be added here that the total diameter out to

which luminosity can be detected on the direct plate is approximately 55" or

6140 pc. The total mass of the system and the central density, calculated by



our usual method are shown 1n Ta.ble l as & function of the number of para.meters
in the solution, .for values of c/a. of 1/k4, 1/5, _a.nd 1/8

The galaxy is very nearly edge-on. We concluded that the correction factor
to be applied fo the velocities for inclination of the galaxy was therefore very
nearly unity. From the direct plate we found, by estimating the>ma.jor and minor )
axes of the flat component, that the inclination € = 81° so that the correction
factor for the mass equals cosec € = 1.02; this has been applied in deriving

~the values shown in Table 1. It will be seen from Table 1 that the mass does

not depend sensitively oln‘ the >as’sumed value o£‘ c/a and we may ;conclude that the
total mass contained within & radius of 5.25 kpc is 1.9 #0.2 x 10'° M. Since
"the galaxy has a large central bulge, ; rather large value of c/a. is indicated.
The densities normalized to unity at the ,centef ére plotted against distance
from the center in Figure 5, for the L. and 6-pai'ameter solutions, both for
¢/a = 1/4. For c/a = 1/b the mean density of the gala.)cy‘within the observed
redius is 1.0 x 10723 gm/cm3. ' For this galaxy mpg.= 12.8 and with a distance
modulus of 31.8 corresponding to andista.nce of 23 Mpec, Mpg‘= -19.0. Thus th§

. photographic mass-to-light ratio is 3.6.

We have obtained rotation curves for a consideré‘ble number of Sb and Sc
galaxies. Three quantities which have been méasured in all of these are the
forms of the rotation curves, the total masses, and the mean densities. In all
of these respects this ga galaxy is indistinguishable from other galaxies of very

different forms. To show this we give in Table 2 data concerning the-total mass,

2 Q’O«W"'}‘ i '(:.he radius out to which the mass was measured, and the mean densities for a

.\:‘3 .%{\Qﬂﬁ_& number of Sc and Sb galaxies. In E_‘igure h,We show the rotation’ curve for
'.,0\\- vl .
vl NGC 1084, an Sc system (Burbidge Burbidge, and Prendergast 1963) to show the

¢ 1\30"* * form of the rotation curve and its similarity to j:he.t for NGC 681. -
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While NGC 681 has all of these physical parameters which are indistinguish-
able from later .type spirai galé.xies , it appears to be very similar in structural
details to NGC k594 thoﬁgh it is smaller, less luminous, and presumably less
massive. From the data given by Sendage (1961) for NGC 459k we find that this
galaxy has an absolute magnitude of -21.5, compared with -19 for NGC 681. "I.’he.
apparent linear dimensions out to the points of lowest luminosity which can bé'
easily distinguished on direct plates are 11.7 kpc (NGC 4594) and 5.3 kpc (NGC 681).
Pease (1916) noted that the absorption lines in the spectrum of NGC 4594 could be

measured out to 2' from the éepter, and had an inclination with a slope of

.2."(8 km/sec per second of arc. This gives a rough Keplerian estimate for the

mass of NGC U594 of 1.7 x lOll My within 7500 pe of the center (i.e., within"

- about 2/3 of the luminous extent clearly visible on direct‘plates). If the mass-

to-light ratios for these two galaxies were comparable the total mass of NGC L59L

1 Mg vhile if the mass-to-light ratio for NGC Ls9k

would have to be about 2 x 107
were ~ 10 as is often thought reasonable for Sa systems it would have to be about
6 x 10-t Mg-
We believe that these results which we have obtained for NGC 681 are of.
considerable importance for the ideas of the evolution of galaxies. We had

earlier (Burbidge et al. 1963) remarked on the similarity in form between the

two fat-armed Sc galaxies NGC 157 and NGC 1084 and their very similarly-shaped

~rotation curves, and the contrast between these and NGC 5055, an Sc galaxy with

thin, much-wound spiral arms and a rather different rotation curve resulting

\

from a much greater central concentration of mass. It had seemed that the visual

form of a galaxy might be well correlated with the shape of its rotation curve.
The results for NGC 681 show that this is not the case.
Further, one argument that has been advanced by ourselves, among others,

against the idea that gala.xieé can evolve through a sequence of types from

-6 -



irregulars to ellipticals ha: veen that.Sa‘and eiliptical galaxies which are
thought to contain older ané ore evolved stellar populations Lave larger masses
than the less evolved galax: . and so could not have proceec. . through this
sequence without the acciet1 - of mass. Wnile this may - .1 be generally the
case, all the parameters assv-:iated with NGC 681 and spec.iically its mass,

rotation curve, and relative density curve suggest that it may well have evolved

- through this sequence.

Finally, we note fhat little can be said about the population of the large
cgntral bulge of NGC 681. Thé.Lick spectrogram showed the blend of the Na I D
lines at A5893 in absorption in the strip of continuum from the central region
of the galaxy, but £his refers only to a distance 6f 3%" each side of the center,
il.e., a fadius of 400 pc. This absorption feature 1s inclined, indicatiﬁg a
velocity gradient'of about the same magnitude as that shown by the emission

lines. It was not, however, measured, as the spectrogram is not in best focus

here, the focus having been set for the red spectral region. This was the only

absorption feature seen in the range 5800 - 6800 A (there is a strong airglow
spectrum on oﬁr plate). ?umaéoﬁ's spectral type of G5 suggests that the stellar
vopulation is that usually found in the nuclei of S50, Sa, and E galaxies. The
D lines are blended 6n our.plaie but do not show great additional broadening,
so we can infer that the velocity dispersion of the stars in the bulge component,
which has little flattening, is not inconsistent with the mass that we have |
derived.

We wish to thank Anﬁeila‘I.'Sargent and J._W. Shelton for carrying out —-
measuremeqts and reductions. This work has been sﬁpported ih part by a grant

rom thé Natibnal Science‘Fouhdatiqn and in part by the National Aergnhutics

,

and Space Administration under Grant NsG-357.
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TABLE 1

MASS AND CENTRAL DENSITY FROM VARIOUS SOLUTIONS R

c/a No. of M/My x 10710 Central Density’
Parameters ' Py x 10°2 gm/cm3

1/k4 3 2.01 - '1.09

1/4 L 2.0k 1.00

1/ , 5 2.09 1.12

2/ | 6 1.7h | 2.39

1/k | 7 1.6L 1.79

1/5 Y3 1.99 | 1.30

1/5 L 2.02 1.19

1/5 5 . 2.05 1.32

1/5 | 6 . - 1.86 2.84

1/5 7 1.81 2:13

1/8 o | 3 1.95 . 1.9

1/8 oy 1.97 o 1.76

1/8 . 5 1.98 1.96

1/8 6 Co1.92 k.19

1/8 T 1.91 3.1k



TABLE 2

MASSES, RADII, AND MEAN DENSITIES OF NGC 681

. TOGETHER WITH SOME Sc AND S5b -GALAXIES

Galaxy Type M/MO Radius Mean Density*
x 1010 kpe x 1023 gm/cm3

NGC 681 ' sa 1.9 5.2 1.0

NGC 157 se 6.0 9.3 1.2

NGC 253 Sc 20. 8 6.8

NGC 108k Sc 1.6 5.1 2.0

Nee 1792 sc : 1.8 4.5 2.k

NGC 2146 Sbe 1.8 2.3 L5

NGC 2903 Sc 3.7 LoL 6.7

e 3521. Sb 8.0 7.1 3.7

NGC 3556 Se ;- 1.k 7.5 0.k

NGC L4258 Sb 8.2 7.0 2.6

NGC 5005 Sb 7.0 6.0 5.4

NGC 5055 Sbe 7.6 10 1.9

NGC 6503 Sc C,13 1.5 £.8

NGC T331 Sb 8.0 10 1.6

*

These mean densities refer only to the observed masses in Column 3 and the

radii within which the obServations were made , given in Column 1{-;- they should

be systematically consistent as they have all been derived by us using the

same method of analyéis.
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.. McDonald Observatory of the University of Texas, on baked Kodak

- ITa-O plate through a, Schott GGl3 filter. Inset is & dark print -

FIGURE CAPTIONS

NGC 6_81, photégmphed at prime focus of 82-inch telescope at the

. from sape plate to show cemter. ' South is at top, east at left.

L \ Sca.l,e:' 1 mm = 2(7!0.

o meeer

Observed velocities _nelative to local standard of rest plotted

against distance from center of NGC 681.

. F:Lg. 31—

Veloci'ﬁyr measures folded about central velocity of +1705 km/sec.

. “« "’ Curves are polynomial solutions with b and 6 parameters, respectively; .

Fig. b+

‘fitted to the ‘observed points; velocitieé have not been corrected

" for inclinstion of plane of galaxy to line of sight.

Rotation curve of the Sc galaxy NGC 1084, showing the great similarity

*-+- vith the rotation curve of NGC 681 given in Fig. 3.

. Density relative to central value, computed for c/a = 1/4 with

.77k and 6 paremeters, respectively, plotted sgainst distance from

i

.~ .the center of NGC.681. ' .
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